INTRODUCTION {#sec1-1}
============

Diverse variety of Nigerian plants and their by-products finds wide use in Nigerian ethnobotany as food, dietary, and herbal medicinal components. Their bioactive phytochemicals and biomolecules constituents, e.g. polyphenols, carbohydrates, proteins, minerals and oils confers such utilitarian values.\[[@ref1]\] In turn, thousands of these plant products are used daily for herbal medicinal and dietary purposes. Health management in Nigeria is presently suboptimal as a result medicinal plants find wide application in herbal remedies alongside orthodox medical practice. Unfettered herbal medical practice is prevalent and considered safe by tradition passed down over several 100 of years, without orthodox scientifical toxicological assessment and standardized procedures. Nigerian indigenous flora till date continues to contribute vastly in the delivery of health care to its populace,\[[@ref2][@ref3][@ref4]\] irrespective of the limited knowledge on the pharmacological efficacies of most of these herbs,\[[@ref5]\] their spectrum of activity and conceivably associated toxicities. Amongst others, *Keayodendron bridelioides* (KB) and *Monodora myristica* (MM) are commonly found in Nigerian Ethnobotany and used as herbal medicinal constituents\[[@ref6]\] and food additives to spice up local cuisine. Both KB and MM when used as a spice in food are believed to exhibit curative effects on a wide range of ailments in addition to exhibiting aphrodisiac effect in males according to folklores. Although there is limited information on KB in the literature, MM had been reported to exhibit antineoplastic properties,\[[@ref7]\] show promise as an anti-diabetic compound\[[@ref8]\] and exhibits anti-plasmodia activity.\[[@ref9]\] The presence of phytochemical antioxidants in KB and MM suggests that they may also be useful as chemoprotective agents in biological systems subject to oxidative stress-induced cellular damage.\[[@ref10][@ref11]\] Such damages induced by oxidative stress have been implicated in the etiology of a plethora of disease conditions.\[[@ref12][@ref13][@ref14]\] Arsenic compounds are ubiquitous in nature and released into the environment by anthropogenic activities.\[[@ref15]\] Consumption of arsenicals through contaminated water is prevalent in many areas of the world.\[[@ref16]\] Arsenicals, like sodium arsenite (SA), are clastogen that trigger chromosomal breakage.\[[@ref17]\] SA has been reported to compromises the integrity of the liver of mouse, rat, fish, and goat.\[[@ref18][@ref19][@ref20]\] This study investigates the potential toxic effect of KB and MM *in rodents*. In addition, we also examined the potential chemoprotective effect of KB and MM on SA-induced toxicities using male Wister\'s rat as a model organism. Observation from this experiments on MM and KB, will contribute to existing knowledge in the areas of functional foods research, by identifying novel roles for existing plants products, application of their biomolecules in therapeutics and advancing health promotion as necessary dietary supplements.

MATERIALS AND METHODS {#sec1-2}
=====================

Chemicals {#sec2-1}
---------

Sodium arsenite (98% pure, BDH, Poole, England) 2.5 mg/kg body weight (corresponding to 1/10^th^ of the oral LD~50~ of SA was administered to the rats.\[[@ref21][@ref22]\] Other chemicals were of analytical grade. SOS-chromo tests kits (EBPI, Ontario, Canada).

Animals {#sec2-2}
-------

All animals used for this study were purchased from the primate colony Department of Biochemistry, University of Ibadan, Nigeria. Animals had access to food and water *ad libitum* or as otherwise stated. The animals were humanely treated according to the guidelines in the Guideline for the Care and use of Laboratory Animals.

Plants extract {#sec2-3}
--------------

*Monodora myristica* and KB seeds were purchased locally and correctly identified (January, 2010) at the Department of Botany, University of Ibadan, Nigeria. Certificate of analysis was collected and stored. The seeds were air-dried at 50°C until the moisture content was low and were milled into powder for extraction: AL (650 g/L); MM (500 g/L) and KB (500 g/L) in distilled water based on their relative solubility\'s and left to stand for 3 days. The extracts were sterilized by filtration (Whatman No. 1 filter paper), and the insoluble materials were removed. The extracted solvent was distilled until almost dry and was weighed.

Reagent-based chemical analysis of extract {#sec2-4}
------------------------------------------

Generally, the standard protocols to identify the constituents as described\[[@ref23][@ref24]\] were carried out. Test for alkaloids was conducted based on the reaction with hydrogen chloride, Dragendorff\'s reagent, Mayer\'s and Wagner\'s reagent. Test for carbohydrate was conducted based on the reaction with H~2~SO~4~ and sulfonated alpha-naphthol. Tannin was determined based on the reaction with gelatin salt. Saponins were conducted based on complete hemolysis of the blood around the extract using methanol as a negative control. Flavonoid was detected based on the reaction with hydrogen chloride, methanol, and few magnesium turnings. Terpene was evaluated based on the reaction with sulfuric acid and chloroform. While Resins was conducted based on the reaction with sulfuric acid and acetic anhydride. The evaluation of Cardiac glycosides was based on the reaction with sulfuric acid, potassium hydroxide, and Fehling\'s solution while anthraquinones was analyzed based on the ether-chloroform maceration treatment with sodium hydroxide.

SOS-chromotest {#sec2-5}
--------------

The SOS-chromotest allows for the detection of genotoxic materials. The test was performed without metabolic activation as previously described\[[@ref25]\] with modifications.\[[@ref26][@ref27]\] A vial of lyophilized *Escherichia coli* PQ-37 bacterium was activated by mixing with the SOS-chromotest growth media and incubated overnight (16 h) at 37°C. The resulting bacteria solution was visually examined for turbidity (viability) and further diluted with growth media to obtain a suspension with a final absorbance of 0.05 at OD600. MM, KB and 4-nitroquinoline oxide (4-NQO (20 μL each) was dispensed into different well in a 96-well microplate already containing 10 μL of saline. The sample was serially diluted (2 fold dilutions) to obtain five different concentrations. Subsequently, 100 μL of activated *E. coli* PQ-37 was added to each well containing e-waste samples and 4-NQO (positive control) and incubated for 2 h at 37°C. Alkaline phosphatase-(ALP) blue chromogenic substrate (100 μL) was then added to all well and incubation for another 90 min until a green color was produced followed by the addition of 50 μL of a stop solution to terminate the overall reaction. Viability of *E. coli* PQ37 and KB and MM genotoxicity was obtained spectrophotometrically at (405 nm) and (615 nm) respectively. KB and MM were classified as genotoxic only when they fulfill the following criteria: (a) Dose-response relationship of the test sample was observed; and (b) SOS Induction Factor (SOSIF), based on the number of times the test sample O.D was higher that the negative control. A SOSIF response is considered significantly genotoxic for a test sample when (SOSIF \> 1.5). SOSIF \< 1.5 is classified as probably genotoxic, and SOSIF \< 1 is considered nongenotoxic. The SOS induction potency (SOSIP) from the test was also used to indicate the degree of genotoxicity of a sample. The SOSIP was obtained from the linear portion of the dose-response curve of the SOS-chromotest (OD~1~ − OD~3\ (615\ nm)~)/(C~1~ − C~3~) reflecting the SOS inducing ability of KB and MM.

*Keayodendron bridelioides* dose range-finding studies {#sec2-6}
------------------------------------------------------

There was no known reference for KB-administration in the literature, necessitating a dose range-finding for KB: Male albino Wistar rats (200--250 g)-acclimatized for 1-week-were randomly divided into six groups of three rats each. Each group was administered KB (0, 50, 75, 100, 250, or 500 mg/kg) daily by gavage for 1-week. Daily observations for signs of toxicity/mortality and change in body weight were recorded. The rats were sacrificed 24-h after the last dosage of KB extract. Whole blood was collected via cardiac puncture, centrifuged at 3,000 ×g for 30 min and the serum collected for the quantification of hepatic transaminases. Harvested liver was processed for further histopathological assessment of toxicity.

Experimental grouping {#sec2-7}
---------------------

Thirty male albino rats weighing 200--250 g were distributed into six groups of five each. Groups I, II, III, IV, V and VI were treated with distilled water, SA (2.5 mg/kg) only, MM (100 mg/kg) only, KB (100 mg/kg) only, SA + MM and SA + KB, respectively. SA was administered once weekly while all the extracts were administered every 3^rd^ day via oral intubation for 5 weeks. All experimental animals had access to standard rat pellet and water *ad libitum*. The animals were injected (i.p.) with 0.04% colchicin (1 mL/kg) body weight 2 h prior to sacrifice. Twenty-four hours after the last treatment, the rats were bled by retro-orbital bleeding and sacrificed by cervical dislocation. The liver, femur, and caudal epididymis were harvested from each rat and processed for various assays.

Preparation of samples for assays {#sec2-8}
---------------------------------

Two hours prior to sacrifice, the animals were injected (i.p.) with 0.04% colchicine (1 ml. 100 g ^−^ ^1^ body weight). The rats were bled by retro-orbital bleeding and sacrificed via cervical dislocation 24 h after the last dose of NaAsO~2~ on the 4^th^ week. The liver, bone marrow, and epididymis were harvested for biochemical and histopathology for analysis. Serum activities of gamma glutamyl transferase (GGT), ALP, alanine amino transferase (ALT), aspartate aminotransferase (AST) were determined as guided by the procedures in the reagent\'s kit (Randox).

Micronucleus assay {#sec2-9}
------------------

Clastogenic effects were assessed in the rat bone marrow using the micronucleus assay as described by\[[@ref28]\] as modified.\[[@ref29]\] Bone marrow cells from both femurs were smeared on slides. The slides were fixed in methanol, air-dried and treated with May-Gruenwald solution and stained with Giemsa solution. The slides were scored for the presence of micronucleated polychromatic erythrocytes (mPCEs) using Nikon Epi-fluorescent microscope model E 200 (Nikon, NY, USA).

Sperm motility assay {#sec2-10}
--------------------

The caudal epididymis was minced in warmed normal saline (37°C). One drop of sperm suspension was placed on a slide glass to analyze 200 motile sperm in four different fields. The motility of epididymal sperm was evaluated microscopically within 2--4 min of their isolation from the epididymis and data were expressed as percentages.

Sperm count {#sec2-11}
-----------

Epididymal sperm was obtained by mincing the epididymis in normal saline and filtering through a nylon mesh (80 pt pore size). The sperm was counted using a hemocytometer, the number of sperm in five squares were counted and an average taken following the method of Freund and Carol.\[[@ref30]\]

Morphological abnormalities {#sec2-12}
---------------------------

A portion of the sperm suspension was placed on a glass slide and smeared out, fixed in 95% ethanol and stained with eosin. A total of about 400 sperm from each rat was examined for abnormalities in different regions of spermatozoa, according to the method described by Wyrobek and Bruce.\[[@ref31]\]

Data analysis {#sec2-13}
-------------

Results are expressed as mean ± standard deviation. Differences between groups were analyzed by one-way analysis of variance with the aid of Statistical Package for Social Sciences (SPSS) software, SPSS Inc., Chicago, USA, standard version 10.0.1. *P* \< 0.05 was considered as statistically significant.

RESULTS {#sec1-3}
=======

Phytochemicals {#sec2-14}
--------------

The phytochemical profile of water extracts of KB and MM is presented in [Table 1](#T1){ref-type="table"}. Indicated qualitative evidence of pharmacologically active compounds: Tannins, saponins, reducing sugars, anthraquinones, flavonoids and alkaloids present in both extracts.

###### 

The qualitative phytochemical analysis of KB and MM

![](PR-7-26-g001)

*Keayodendron bridelioides* range-finding study {#sec2-15}
-----------------------------------------------

All animals treated with KB survived at the different doses they were exposed to \[[Table 2](#T2){ref-type="table"}\]. Administration of KB at different doses resulted in a decrease in overall final body weight compared to control animals. This loss of loss in weight was significant (*P* \< 0.05) at the 50, 100 and 500 mg/kg body weight groups. There was an increase in final body weight at 250 mg/kg and an insignificant reduction at 75 mg/kg. However, there was no significant difference in the relative liver weight. In addition, [Table 2](#T2){ref-type="table"} shows the indices of hepatic damage induced by KB. Serum markers of hepatic transaminases (ALP, GGT, ALT and AST) indicate that at very high doses KB appears to confer protection on hepatocytes as depicted by ALT and AST levels in serum. A dose-dependent increase in ALP and GGT levels up to (250 mg/kg) was observed, followed by a significant drop in the serum levels of both transaminases at doses of 500 mg/kg. We settled for 100 mg/kg KB for all other experiments.

###### 

Effect of KB treatment on Wister\'s rat organs and hepatic transaminases in serum in a dose range-finding

![](PR-7-26-g002)

Genotoxicity {#sec2-16}
------------

### Genetic toxicity of MM and Keayodendron bridelioides on Escherichia coli PQ37 genomic integrity {#sec3-1}

Effect of MM and KB on *E. coli* PQ37 genomic integrity is presented in Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}. Compared to the 4-NQO (positive control) MM and KB are not genotoxic. At increasing concentration, both appear to exhibit a dose-dependent increase in SOS induction (SOSIF) approaching the threshold of 1.5. Values beyond this level (1.5) test substance are considered genotoxic.

![SOS induction factor of *Keayodendron bridelioides* (KB) and *Monodora myristica* (MM) extracts on *Escherichia coli* PQ37 bacteria- SOS-chromotest (a and b). The dotted line indicate a threshold (*T* \> 1.5) beyond which sample are considered genotoxic. *T* \< 1.5 are probably genotoxic and *T* \> 1 are nongenotoxic. 4-nitro quinoloneoxide served as positive control. Photomicrograph of KB and MM (c and d) showing intact and open pods](PR-7-26-g003){#F1}

### Body, organ weights and biochemical indices of toxicity in experimental groups {#sec3-2}

An increase in final body weight of rats was observed in all the experimental groups \[[Table 3](#T3){ref-type="table"}\]. These increases in weight were most significant (*P* \< 0.05) in KB only treated groups. A decrease (*P* \< 0.05) in relative liver weight in the MM and MM + SA treated groups was observed when compared to control.

###### 

Effect of extracts and SA treatment on body, organ weight and hepatic transaminases level in serum of wister rats

![](PR-7-26-g004)

As expected, SA treatment significantly increased serum indicators of hepatic damage compared with the control (ALP \> GGT \> ALT \> AST) [Table 3](#T3){ref-type="table"}. MM and KB (100 mg/kg) when co-administered with SA (2.5 mg/kg) for 5wk did not significantly change this trend. Notably there was a decrease in ALP levels that was more pronounced in KB + SA group. There was an approximately 3-fold increase in GGT and ALP levels in the groups treated with MM only (*P* \< 0.05). KB alone significantly decreased (*P* \< 0.05) the level of ALP, ALT and AST when compared with the control \[[Table 3](#T3){ref-type="table"}\].

### Effect of treatment on micronucleated polychromatic erythrocyte formation {#sec3-3}

[Table 4](#T4){ref-type="table"} shows mPCEs induction by different treatment. A 7-fold increase (*P* \< 0.05) in mPCEs formation in the bone marrow of animals treated with SA was observed when compared with control. Similarly, MM induced a 4-fold increase in mPCEs. Co-administration of MM + SA failed to broaden the formation of mPCEs in the rat bone marrow signifying that SA and MM may not have a synergistic effect. On the other hand, KB did not induce mPCEs formation in the bone marrow of the rats (*P* \< 0.05), but rather suppresses it in the presence of SA significantly (*P* \< 0.05).

###### 

Induction of mPCEs in rat bone marrow cells after exposure to extracts and sodium arsenite

![](PR-7-26-g005)

As depicted in [Table 5](#T5){ref-type="table"}, there was a reduction in the sperm count and motility in the group treated with MM when compared to the control. KB and SA when administered both alone and simultaneously reduced sperm count and motility as compared to the control. When compared with the control, all other groups significantly (*P* \< 0.05) induce morphological abnormalities in spermatozoa.

###### 

Effect of the extracts and sodium arsenite on the reproductive toxicity indices

![](PR-7-26-g006)

DISCUSSION {#sec1-4}
==========

*Keayodendron bridelioides* and MM are a major constituent of a recreational broth "pepper soup" extensively consumed in Nigeria. KB and MM also find broad base herbal medicinal application, from malaria to a plethora of other ailments. Pepper soup is alleged to have all manner of healing properties in addition to its implied aphrodisiac potentials. Phytochemical identified in KB and MM \[[Table 1](#T1){ref-type="table"}\] is known to play important roles in medicinal plants bioactivity. Consequently, their relevance as food and herbal essences that produces physiological action can be validated for wellbeing. However, there is a need for provenance, standardization and cataloging of myriad claims attributed to such herbs and spices, both for current users and posterity.

Flavonoids exhibit antioxidant activity by scavenging or chelating process\[[@ref32][@ref33][@ref34]\] on free radicals and metals ions, e.g. copper and iron. This can impair metal absorption from the diet useful in metallo-enzyme function. The flavonoids content of the extracts are thus health promoting\[[@ref35]\] at least by reducing lipid peroxidation and chelating excess metals in the diet that may be toxic and deleterious. Overall, phenolic compounds are radical\'s terminators\[[@ref36]\] and can help maintain a reduced cellular environment. The presence of Tannins in the extract may interfere with iron absorption and decreases the cellular iron pool, in excess free iron is implicated in the Fenton process sequel to oxidative stress. In addition, the presence of saponin in the extract has correlations in the practice of herbal medicine where saponins are used as an anti-inflammatory agent.\[[@ref37]\] It can be surmised that both KB and MM may act as antioxidants *in vivo*.

We established a nontoxic dose from KB dose-response study due to paucity of data on KB. While there was significant body weight loss (*P* \< 0.05), all rats treated with different doses of KB survived. In addition, changes in relative liver, weights were not significant compared with control \[[Table 2](#T2){ref-type="table"}\].

*Keayodendron bridelioides* treatment increased serum activities of hepatic transaminases-GGT, ALP, AST and ALT-dose dependently. ALP increased (*P* \< 0.05) across the treated groups (from 50 to 500 mg/kg) compared with control. Increases (*P* \< 0.05) in GGT activity was observed at higher doses of 250 and 500 mg/kg. ALT and AST activities showed little differences compared with the control across the treated groups. Increase in the serum amount of hepatic transaminases maybe attributed to KB hepatotoxicity at very high doses. This can occur in part due to enzyme-induction and metabolism of the extract. Histopathological examination showed no lesions in the liver of the control group \[[Figure 2](#F2){ref-type="fig"}\]. However, KB treated groups with doses of 250 and 500 mg/kg presented with excessive periportal hepatic necrosis and cellular infiltration by mononuclear cells. KB (100 mg/kg) showed no toxic effect on hepatocytes when compared with the preceding groups. In addition, no visible lesions were observed with the appearance of mild sinusoidal congestion. Groups treated with (50 and 75 mg/kg) showed slight liver toxicity with high cellularity and multiple foci of hepatic necrosis observed. High cellularity can be as a result of increased cell proliferation. Consequently, a dose of 100 mg/kg body weight was chosen for all another experiment. This dose is justified as it showed the lowest form of toxicity, damage and increased cellularity in hepatocyte.

![Liver sections of rats treated with *Monodora myristica* (MM), *Keayodendron bridelioides* (KB) and SA. (a) Control no visible lesions observed, (b) NaAsO2 (2.5 mg/kg) showing diffused degeneration of hepatocytes, portal congestion, fibroplasia and periportal cellular infiltration by mononuclear cells, (c) KB only (100 mg/kg), showing no visible lesions and (d) KB + SA (100 mg/kg and 2.5 mg/kg) showing congestion of vacuole and hepatocytes cellularity. (e) MM only (100 mg/kg) with diffuse vacuolar hepatocyte degeneration. (f) MM + SA (100 mg/kg and 2.5 mg/kg) presented with severe portal congestion and cellular infiltration of portal vessels](PR-7-26-g007){#F2}

The SOS-chromotest for genotoxicity, qualitatively detects the presence of genotoxic materials in compounds or mixtures of varying type. Our findings indicate that the extract of MM and KB are not genotoxic \[Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\], providing a clue that they may confer protection from DNA damage by their phenolic components.

There was a general increase in the body weight of animals treated with KB and MM; the observed increase was highest in KB only, least in KB + SA \[[Table 3](#T3){ref-type="table"}\]. Relative liver weights were all reduced in treated groups compared to control the group. The increases in body weight could be due to androgenic modulation by the extracts since androgens possess anabolic activity.\[[@ref38]\] Consumption of arsenicals through contaminated water is prevalent in many areas of the world. Exposure to SA can be toxic, and our results [Table 3](#T3){ref-type="table"}\] corroborate earlier findings in existing literature. The extracts (100 mg/kg) appear to be hepatoprotective as they decreased hepatic transaminases activities in serum to levels comparable to control rats. KB + SA treatment however increased GGT level in serum to levels higher than SA only treatment. Co-treatment with MM did not alleviate SA-induced toxicity as revealed by GGT and ALT; AST was unexplainably almost two fold higher though ALP was reduced. Increases in serum AST and ALT has been associated with hepatocellular injury and necrotic hepatocytes death\[[@ref39]\] respectively. To buttress this observation, MM treatment alone increased (*P* \< 0.05) hepatic transaminase in serum to levels higher than KB induction. Comparatively, it can be taken that to a greater extent MM is more toxic to hepatocytes that KB.

Clastogen induces chromosomal breakage simply described as the microscopically visible changes to chromosomes\[[@ref40]\] may results in deletion, addition or rearrangement of sections of chromosomes. These changes may cause mutations that precede the onset of certain diseases. SA can induce chromosomal breakage as such can act as co-mutagen by inhibiting thiol containing enzymes,\[[@ref41]\] e.g. DNA ligase consequential in defective DNA replication/repair and recombination.\[[@ref42]\] SA-induced micronuclei formation \[[Table 4](#T4){ref-type="table"}\] was significantly reduced by MM and KB co-treatment. Alone, MM induced micronuclei formation significantly (*P* \< 0.05) but inhibited SA-induce micronucleus. KB exhibited higher chemoprotective potency alone and against SA micronuclei induction. Making them potentially useful candidates as chemoprotective and medicinal substances in reducing radiation-induced damages worthy of future mechanistic exploration.

Compared with control treatment with extracts reduced sperm count, motility and increased morphological abnormalities in experimental animals. This is suggestive of a modulatory role on the reproductive system. In addition, treatment with SA reflected the same effect \[[Table 5](#T5){ref-type="table"}\] albeit to a greater extent decreased sperm motility but increases in count and morphological abnormalities. The volume and ratio of live/dead semen remain unchanged in all groups. MM + SA treatment significantly increased (*P* \< 0.05) sperm cells abnormal morphological characteristics. In line with our finding, impairment of male rat reproductive system treated with SA and sperm count reduction\[[@ref43]\] have been reported. MM in folk medicine is believed to be an effective antidote against "sexual impotency" amongst another ailment. This belief is conflicting with our finding and demands further investigation.

CONCLUSION {#sec1-5}
==========

Taken together, aqueous extract of (KB and MM) mitigate the effect of SA-induced clastogenicity and are not genotoxic. To a greater extent, KB was more potent in this regard. The extracts appear to be chemoprotective with limited hepatoprotective potentials with selective elevation of hepatic transaminases. Reduction in sperm count, motility and increased sperm abnormalities raising the question as to whether KB and MM are selectively toxic to the reproductive system that warrant further investigations.
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